In consideration of the light weight, high strength, corrosion resistance and construction is convenient of carbon fiber reinforced polymer (CFRP), using CFRP to strengthen structure is becoming more and more widely. However, there is no commonly accepted understanding of the constitutive relationship of the bonding shear stress and slip between concrete and CFRP bonded interface, especially the decline of the constitutive relation is more difficult to measure accurately. An aim of this paper is to improve the experiment to explore bond stress and slip (τ−δ) constitutive relation of the bonding interface, strive for the experiment to measure the τ−δ constitutive relation curve of CFRP-concrete interface. Double pull test was proposed with the improved specimen, using the horizontal load, eliminate additional bending moment influence and improve the experimental accuracy. 17 specimens were tested to measure the τ−δ curves, according to the features of the constitutive relation curves, the mechanical characteristics of the bonding interface was further analysised.
Introduction
In recent years, CFRP have been increasingly used to strengthen the concrete structures due to the bonding shear stress on the interface between the CFRP and concrete, so as to realize the load smoothly transfer between CFRP and concrete, realized the nature of the two kinds of work between different materials, namely the formation of CFRP and concrete interface with good adhesive power, CFRP cloth together with concrete to form the overall stress deformation, to ensure the good reinforcement effect. Before, however, many experimental studies show that [1] [2] [3] [4] [5] [6] , CFRP reinforced concrete member is likely to damage because of its interface bonding stripping, so that it can not achieve the desired effect. Interface stripping damage is a kind of brittle failure, damage before also no obvious time warning, after the destruction of each fiber strain of CFRP cloth are still in a smaller level, not give full play to its advantages of high strength performance, if this is the case not only caused the expensive waste of CFRP materials, is more serious is that greatly reduces the safety reliability of CFRP reinforcement. Evaluating interface stripping damage is the basis of the bonding performance of CFRP and concrete.
Although there have been many researchers study on the bonding capacity of CFRP and concrete and do a lot of work, but there are still not a specification of test plan, each test have notable differences. The bond strength model and bond stress-slip model were proposed so far. Among them, the bond strength model is only limit on the bearing capacity of the strip, and the bond stress-slip model could express the stripping process of CFRP and concrete. In the bond stress versus slip relation curves, the maximum bonding shear stress τ f , the corresponding relative slip δ f and the maximum relative slip δ u are three main control parameters. Previous experimental study show that τ f = 4 ~ 6 MPa, the δ f = 0.02 ~ 0.05 mm, but because of the shortage of the test plan, there have no way to measure the accurate data of the decline of the bond stress versus slip strain τ−δ relation curve. So we can't set up a full τ-δ relation curve including the decline, also can not get accurate values of δ u . Many scholars adopt theory method to predict the falling curve segment and the δ u value, but there are large differences between each model [1] [2] [3] [4] [5] , as shown in Fig. 1 .
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Experimental Investigation
As the past experiments and theoretical exploration has not got the accurate decline data of the constitutive relation curve of bond stress versus slip. A "double tensile specimen" was proposed to enhance the certain feasibility of measuring the actual data of the full τ-δ constitutive relation including the decline (Fig. 2) . Previous experimental method, this paper, and by using the MTS loading equipment conditions, improve the existing double specimens, and verify the new double the applicability of the specimen, and improve the level of the bidirectional tensile loading program. With a group of resistance strain gauge measurement of each specimen and the size of the bonding interface of CFRP cloth strain distribution, based on the measured strain of integral, calculation of the bonding interface slip value, obtained τ-δ relation curve. The composition of the concrete mixes was 0.39:1:1.29:1.88(water: cement: sand: stone) by weight, where the maximum stone diameter was 15 mm. The 28-day tested concrete cube strength was 47.2 MPa. All of 18 concrete specimens were wet-cured by covering with wet burlap for 30 days after the forms were removed. 
Strains distributions on the CFRP
Take the S4 and S14 specimens for example, at all levels of loads on the CFRP strain ε f distribution as shown in Fig. 4 . At the early stage of loading, the strain has certain growth only at point A. With the increase of load, the strain grows rapidly at point A and A'. Then, the strains at point B, B', C and C' grow with a similar way to point A or A'. With the increase of load, the strains at point D, D', E, E', F, F', G, and G' began to increase. Until the strains at the middle (point H and H') began to increase, and obtain a maximum strain. Before the CFRP stripes was broken, in addition to the points C (2000με)
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and C' (3300με), E (5000με) and E' (4100με) there are a difference of strain, all the strains at the others' position are similar to their relative position, where με is the micro strain which equals to 10 -6 .
The measured τ-δ constitutive relation curves
The bond stress τ and slip δ at the required point will calculate by substituting the bond strains into the following Eq. 1 and Eq. 2, and then the τ-δ constitutive relation curves were obtained ( Fig. 3 and 4) . Take AB section as an example:
where, E cfrp is the elastic modulus of CFRP which equals to 211 GPa, t is the nominal thickness of CFRP, the single layer thickness is 0.11 mm, l AB ~ l GH are the distances between the strain gauge (subscript A to H are the strain gauge position number). Every measuring point where can be concluded that the τ-δ of the constitutive relation of the whole curve. Fig. 4 shows the constitutive relationships of the typical points of specimen S4 and S14.
Figure 4: The τ-δ relation of S4 and S14
Take the midpoint of AB for example (shown in Fig. 4) . Three key control parameters of test values were list in Table 1 . Same with midpoint of AB of S4 (S14), the constitutive relation τ-δ curves at midpoint of AB of a ll specimens were presented in the Fig. 3 .
Conclusions
Although 17 experimental results of the specimens were discrete, but overall τ-δ constitutive relation curve trend is obvious. The curves were divided into several stages obviously. Here, take the τ-δ relationship at the midpoint of A'B' section of S4 specimen for example, the curve presented the following features: the τ-δ curve is composed by two parts with the rising part of OC and decline part of CE. At front of point A, due to the beginning of loading, the stress in the adjustment, there is a relatively larger slip from the measured curve. The growths of the shear stress in AB are proportional to the slip. After point B, as between BC, the slip grown faster than the shear stress. After point C, the slip continued to increase, but the bonding shear stress began to decline, which drop quickly at the beginning of the CD segment, but slow down after point D, until the values dipped to 0 at point E.
The test results in this article have larger breakthrough to the past, all 17 specimen τ-δ relation curve of the decline were measured, and the full τ-δ relationship curves were obtained. But it can be seen from the Fig. 3 and 4 , the curves shapes have certain differences, it may be contributed to the concrete, epoxy resin and quality of the glue layer which was not uniformity.
There are some features of three key control parameters of the τ-δ relation curves measured in the test: the peak shear stress are from 2.1 MPa to 6.1 MPa, the slippage corresponding to the peak shear stress are from 0.081 mm to 0.179 mm, the maximum relative slip are from 0.141 mm to 0.232 mm.
There are large differences of the maximum relative slip between test and exiting results (= 0.31 ~ 0.52 mm), the reason were needed further research in the future. At the same time, it should be paid attention that, carbon fiber is a good conductor that the strain gauge cable must not touch the carbon fiber. Insulation sheet can be put at the bottom of cable as necessary. The test measured the decline part of τ-δ relationship curves of all specimens, and the horizontal loading scheme overcome the influence of the additional bending moment by using the vertical load, make the data more accurate. Experiments got the maximum relative slip in a range from 0.141 mm to 0.232 mm.
